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P YMERI ZATI ON, APPARA lﬁﬁﬁ ND DEVI CE FOR REDUCI NG ENTRAI NMENT OF
SUBCOVPONENTS | N PCLY! a PPARATUS FOR MULTI STAGE GAS PHASE
PCLYMERI ZATI ON FI ELD OF THE"%MVENTICN The present invention relates to a

met hod of multistage g merization using at least two fluid bed
reactors in series, lﬂmﬂl H@@‘%unt of subconponents m xed in_the
pol ymer powder is redu mer polwder produced in Q_nﬁuEsEBeéUﬁj
arranged fluid bed reactor*@@wraken up and introduced into a downstream
arranged fluid bed reactor. Furthernor present invention relates to a
device for reducing the entrainment of nponents I n the pol yner powder
as required in the enentation of the abave method and_relates to an
apparatus of mul; FERRSEE yHa;ésszs\ﬁ%sﬁszgﬁw.w%wwe device. In
the production of, for_exa an _ethyl ene/a olefin §§§°' ner, it is

common practice to eﬁ%?%?Aggéa§H§ﬁ§§@Rp§N%ﬂQEW§Q B oP INGwhi ch a gas

phase 25 polynerization of a m xture conprising ethylene and an r 26 FE
B 2003 ENTRAINMENT OF SUBCOMPONENTS IN POLYMER POWDER IN

H%WXHOD OF MULTI STAGE GAS PHASE
A

APPARATUS FOR MULTISTAGE GAS PHASE POLYMERIZATION

D Y

The present invention relates to a method of
multistage gas phase polymerization using at least two
fluid bed reactors in series, wherein the amount of
subcomponents mixed in the polymer powder is reduced when
polymer powder produced in an upstream arranged fluid bed
reactor is taken up and introduced into a downstream
arranged fluid bed reactor.

Furthermore, the present invention relates to a device
for reducing the entrainment of subcomponents in the
polymer powder as required in the implementation of the
above method and relates to an apparatus of multistage gas

phase polymerization including this device.

BACKGROUND OF THE INVENTION
In the production of, for example, an ethylene/a-
olefin copolymer, it is common practice to employ a gas
phase polymerization method in which a gas phase

25 polymerization of a mixture comprising ethylene and an



a-olefinis carried out in a fluid bed reactor in the presence of a
titani um based solid catalyst. In the above pol yner production, the use of
a single fluid bed reactor results in the formation of a pol yner whose
properties necessarily fall in certain limted ranges. However, products of
conpl ex properties are increasingly desired in accordance with the
diversification of market demands . Therefore, polyners of Athe cies
but with varied properties, nanely differdng in nolecular gﬁiﬂggﬂﬁﬁfy
and physical properties, have been produced by the enpl oynent of the nethod
of preparing polynmers with varied properties wth the use of a plurality of
fluid bed rea%f6¥§f68nH§CGQ§Q%?Q%9H¥(ﬁQK#.f%V%% bedpeeactert hPsthet hod, a
met hod of nultistage gas phase polynerization, for exanple, a method using
a two-stage gasephase pdl pmiditaaiiveh kagrd a3ebid oppEatyal-first fluid bed
reactor 111 and, continuously connected thereto, second fluid bed reactor
121 as shown in Fi §n Bhesahovewakyyernptoyedt iSpecili¢ ame wf sobildgdat al yst
Ais fed through supply line 115 into first fluid bed reactor 111.

Si nul t aneousl| §luadf bed gasatiod ureswldrsi it i tige of orihat iexaopl e, pelllyleene and
an a-olefin is fed through supply line 112 into the first fluid bed reactor
111 at its bowhosewidpéiei¢is@eafeslanidry £4B1 in cektdifi IR B8R gERdr ogen
gas as a reaction inhibitor is premxed with the feed gas m xture in order
to suppress theweyeesspaddante of tbappekypebbzatiies heactihereakifigly

nol ecul ar wei ght of the polymer produced by the first fluid bed reactor 111
as the first-gkagecAOinNBECERdatid2 RE thi FhicediRe raRFieRtidelof kakdiat i ng
t he pol ynerization reaction by the prem xed hydrogen gas. The fed gaseous
ol efin is pasgeflahflkQUIthdireBersl, 0o Byndrdldr GQY ahlNgpe & P& s BN TRi%H 2
porous plate, which is arranged in the vicinity of the bottomof the first
fluid bed reaghef cdllropRe th/dTe nfaid1d, kRE FEh8 ANd MMRlce@inNS At heifdn d bed
118 in fluid form Polyrerization reaction is carried out in the fluid bed

118. purity and physical properties, have been produced by the

employment of the method of preparing polymers with varied
properties with the use of a plurality of fluid bed reactors
connected to each other.

With respect to this method, a method of multistage
gas phase polymerization, for example, a method using a
two-stage gas phase polymerization apparatus comprising
first fluid bed reactor 111 and, continuously connected
thereto, second fluid bed reactor 121 as shown in Fig. 3
is now widely employed.

Specifically, solid catalyst A is fed through supply
line 115 into first fluid bed reactor 111. Simultaneously,
a feed gas mixture consisting of, for example, ethylene and
an a-olefin is fed through supply line 112 into the first
fluid bed reactor 111 at its bottom with the use of blower

113.



The thus produced pol yner powder (particles) is continuously taken up,
delivered into carrying line 125 by _ neans of rotary valve 135 provi ded on
take-up line 130, and fed through the carrying line 125 into second fluid
bed reactor 121. Unreacted feed gas having passed through the fluid bed 118
has its flow rate reduced in sl owdown zone 119 provided in an upper part of
the first fluid bed reactor 111 and discharged outside th® §ifEB 2003 bed
reactor 111 through a gas outlet provided3at the top of the first fluid bed
reactor 111. 2 6 F EB 2003 The unreacted feed gas havi ng been
di schar ged fron1th% Elrst fluid bed reactor é Ls assed throu %
circulating |ine 1T89TP9e00gPEP by FEaREIGN hBAL ﬁaﬁﬁé’rre(% rw)ltf‘l4 and
joins the supply Line 112. Thus, once nore, the unreacted feed gas is
continuously £88 F98% JafeMikGHECHEY OF 8T b PPALESHEDE| $%Fe$F GAYINGE
reactor 111 with the use of the blower- 113. On the other hand, the pol yner
powder taken @ EREoREAYMEE izatdam Neard 13D f 159 fMed eqular Mediahthef
reactor 111 is fed through the carrying line 125 into the second fluid bed
reactor 121. Sheubcimmeuspyoddcefidverithed ddd sgas lniixt bed feantohatlbfag he
first reactor 111 is supplied through supply Iine |22 and through the
carryi ng |ineth25tinso-shagserdnindtiker bed beddmitetiXly wipphr oprd. atrsel yof
bl ower 123. Thus, fluid bed 128 is forned by the pol yner powder, olefin gas
and sol i d cat &eystinadnirey rdde ipoXyee pbtyoeonpoedetion bliye thec preénfilndad bed
reactor 121, and polynerization reaction is carried out in the fluid bed
128 . Copol ymaydpioedincethdly t he second fluid bed reactor 121 is '.~
qgntinuously taken up through line 126. The carrying line 125 is branched
omthe supply |imhelZ2d gadedu<Lblies iend sobalshed ahnsuih |ldig b drs
connected to an upper part of the second fluid bed reactor 121. The olefin

contai ni ng gagrfiedi1firosvhbeiningl, yebt @é@l@,a& pbbopkepsHte, i icL €ASES by
pressure increasing neans such as 2 6 F EB 2003 centrlfugal bl ower 141

and entrains GhepRjedlnh RAWIeL cliakey BE thenbbbeohi 65tthd Ui b bedemeagt or
111 so that the polyner powder is carried and introduced into the second

fluid bed reagledf rtdteod! 1h2V0And e ARO VA LIRS DS 8L ARd LWt St A08s Tdne d bed
fluid bed 118 in fluid form. Polymerization reaction is
carried out in the fluid bed 118.
The thus produced polymer powder (particles) is
continuously taken up, delivered into carrying line 125 by

means of rotary valve 135 provided on take-up line 130, and

~
I\—-nr

fed through the carrying line 125 into second fluid bed
reactor 121.

Unreacted feed gas having passed through the £luid bed
118 has its flow rate reduced in slowdown zone 119 provided
in an upper part of the first fluid bed reactor 111 and
discharged outside the first fluid bed reactor 111 through
a gas outlet provided at the top of the first fluid bed

reactor 111.



reactor, nanely the construction consisting of the first fluid bed reactor
111 and, continuously connected thereto, | ~ the second fluid bed reactor
121, use can also be made of a nultistage fluid bed reactor consisting of a
greater nunber of fluid bed reactors continuously connected to one another.
When a plurality of properties are inparted to the obtained polyner in the

above nul ti stage gas phase pol ynerization nethod, a feed g i r Q@
desired conposition is polynerized in an4dpstreamfluid befﬁgﬂgr%ﬂ r

exanple, the first fluid bed reactor 111, and the thus E obtained polyner
powder is taken up through the line 130 and fed ipto a downstream fluid bed
reactor, for exanpl EnetRBreacbrd feafdIpadnArBAREoPEED1946ChRETChELSHI yer
powder is further polénerized. In the second f|]uid bed reactor 121, the
pol yneri zat i okhesfg&Eaer Ll hbeomaartat i thel2isRasfed Eheaughs nixture of
conposition different fromthat of the upstreamin the content of a-olefin
gas and hydrogéhcgdsting2lgng E & 2G08ckdwelbr, means aftieed Bashandgreawback
in that, while desired property can be inparted to the polynmer in the
first-stage pétynteirzatldandeprinobhedagppkylpnepkl?y d@nmt obeeimgeeted to
t he upstream obt ai ned pol ynmer in the downstream perfornmed pol ynerization
reacti on. ThethaventeasthdvEeedngastietd cxiteinsioes indf editiartsa whe fluid
i nvestigations of the cause thereof . As a result, they have found that
desired propebey tad bHermepaird ethd dittbe polydebed reactor 111 with the

use of the blower 113.

On the other hand, the polymer powder taken up through

the take-up line 130 from the first fluid bed reactor 111

is fed through the carrying line 125 into the second fluid

bed reactor 121. Simultaneously, different feed gas

mixture from that of the first reactor 111 is supplied

through supply line 122 and through the carrying line 125

into the second fluid bed reactor 121 with the use of blower

123. Thus, fluid bed 128 is formed by the polymer powder,

olefin gas and solid catalyst contained in the polymer

powder in the second fluid bed reactor 121, and

polymerization reaction is carried out in the fluid bed 128.

Copolymer produced by the second fluid bed reactor 121 is
“+ continuously taken up through line 126.

The carrying line 125 is branched from the supply line
122, and a remote end of the carrying line 125 is connected
to an upper part of the second fluid bed reactor 121. The

olefin containing gas fed from the supply line 122 has its

pressure increased by pressure increasing means such as



in the downstream pol yneri zation as well by reducing the anount of a-olefin
and hydrogen gas (subconponents) introduced together with the polyner
powder to thereby regul ate the conposition of downstream supplied feed gas
m xture during the transfer of the polymer powder fromthe upstreamfluid
bed reactor into the downstreamfluid bed reactor. The present i nhyention
has been conpleted on the basis of this finding. Under th iﬁl%EE} aﬁéances,
it is an object of the present invention5to provide a nethod of mnultistage
gas phase polynerization in which, when the polyner powder taken up from an
upstream fluid bed, reactor _ is carried ile being entrained by a feed gas
for a domnstr%ﬁﬂﬁ¥+%ﬁﬁa eB1PEgE: 4 Lsanehan tERd NSol PHHRRT BER¥ r oduced
into the downstream fluid bed reactor, hydrogen gas and_conononers 2 6 F
E B 2003 whi cr2kemiuR tfaee te etz ftlivdet Pescrrertior dAd gewhBeEebhef | uid
bed reactor and which render regul ation of desired polyner properties
difficult areekyeedrPvdarthe paryhed poddbrtroducedahptfethebfecondf the
present invention to provide a device for renoving subconponents such as
hydr ogen gas &hdidopedoneastbrodliine pol ymer powder taken up from an
upstream fluid bed reactor before the introduction thereof into a
downstream fl ui d bebtheaghorh¢ ahdier elpsdmikess the swbeshporefifuddnbedt of

t he pol yner powder in a nultistage gas phase pol ynerization apparatus. It
is a further obpecdrpfnahel presentonsveatt bant copsbrgtdaganfaphar aii ustof

mul ti stage gas phase pol ynerization including this device. The present

i nventi on hasfbetd betleeaicttidbral Vi emd owahd isalously tbanabéed prebkess of
tthe prior art and attaining the above object. In one aspect of the present
i‘nvention, thefe $ScPi@VE tetld bdethngbodr mi1, sisageagas 1Ase made of

pol ymeri zation, conprising performng polynerization of a feed gas m xture
at |east contaimhDgiethAykeniendas bed rd=tRfr GRS AChYsH ogegr8asetn an
upstream arranged fluid bed reactor to thereby obtain pol yner powder,

t2 ggi?)ng up then@ebypess FAWARS bbher&h 08y ansbei i s 1Y dddd¥ed tlofieF E B
another.

When a plurality of properties are imparted to the
obtained polymer in the above multistage gas phase
polymerization method, a feed gas mixture of desired
composition ispolymerized in an upstream fluid bed reactor,
for example, the first fluid bed reactor 111, and the thus
obtained polymer powder is taken up through the line 130
and fed into a downstream fluid bed reactor, for example,
the second fluid bed reactor 121 so that the polymer powder
is further polymerized.

In the second fluid bed reactor 121, the
polymerization is generally performed with the use of a feed

gas mixture of composition different from that of the

upstream in the content of a-olefin gas and hydrogen gas.



pol yneri zation of the polynmer powder in a downstream arranged fluid bed
reactor, the downstream arranged fluid bed reactor continuously connected
to the upstream arranged fluid bed reactor so that the pol yner powder taken
up fromthe upstreamarranged fluid bed reactor is introduced into the
downstream arranged fluid bed reactor, which nethod conprises the steps of:
taki ng up pol yner powder from an upstream arranged fluid r

treating the taken up pol yner powder so a6 to |lower a contbg;ﬁ EEBaggpgfl n
gas and hydrogen gas therein, and introducing the treated pol ymer powder
into a downstream arranged fl uid bed reactor. The conposition of feed gas

m xture brought infl@¥&d alﬁh%ﬁn@?ﬁPQ$:Q%§ﬁPo rapRag st PedResnd "adWSst r eam
arranged fluid bed reactors can be regulated in the above nmultistage gas
phase pol yner PESLILE] RFORSLE Htaiers ZHAPRRL S Bof EBG §ad Yok dine the [ east
containing ethylene gas, an a-olefin gas and hydrogen gas is perforned in
an upstream afiasfedtRlas dbladngrbzabion orepet by, obeailregoPyepe yioiwder |

t he pol yner powder is taken up therefrom the content of unreacted a-olefin
gas and hydr ogemngdsbenimparpedyne rt hirowgert rieanl olvtpédeandol mepol iy nere
powder is introduced into a downstream arranged fluid bed reactor. This
enabl es changidognstoeant ipesr fiomesd golol pméhkzpdblipnereaction2 6 FEB 2003 in
etch of the upstream and downstream arranged fluid bed reactors in
conformty wth th@heseénobnthbesr raukt eohdpotygaesxténsihe amd tirstaagea @as
phase pol ynmerization nethod of the present invention, it is preferred that
the above tredinivegtSieft ith DBE tiHe vALSR theteeAM Gfs gineugasthentad v ng
ehtylene is introduced into the pol yner powder taken up fromthe upstream

arranged flui gchedi eBatt @éssectiNgtopbet §-GdeiHd i6@s rardi BYdEREgIL 9ase i xed
in the polyner powder are renoved. The subconponent content of the pol yner

powder can be igf @@l dvaing truel §b1nd BIbYE NEn SADGAIPP NNt Se SlEIh @St Hdie
a-ol efin gas and hydrogen gas m xed in the upstream obtai ned pol yner before

the transfer tgduif dopmptseam bl 4hd Rodrbgaat 6hs (R uBRIMRInafRect of the
present invention, there is provided an apparatus for nmultistage gas phase

pol ymeri zati onn{GHIded g RLHT @Le AL 2HE {:JBH!E/QIeQe%orvﬁi%g Yo tHeRAGH of

which a solid catalyst for polynerizationis féd into a fluid bed reactor,

and a feed gas.dgudldieé tre RIMLd ﬁ?&g*}ﬁf‘ S 0S¢ 5600 Qﬁélﬂlié‘%%é@&ééyi d

bed reactor froma bottom of the ed reactor, to thereby forma fluid
2003 reacti on'| S Cart M Ba Sk TR TP Tard bod S8 A B g e epR s P
produced: upstream fluid bed reactor into the downstream fluid bed
reactor. The present invention has been completed on the
basis of this finding.

)

OBJECT OF THE INVENTION

Under these circumstances, it is an object of the
present inventioq to provide a method of multistage gas
phase polymerization in which, when the polymer powder
taken up from an upstream fluid bed reactor is carried while
being entrained by a feed gas for a downstream fluid bed
reactor so that the polymer powder is introduced into the

downstream fluid bed reactor, hydrogen gas and comonomers



a carrying path branched froman introduction path for introducing a feed
gas m xture into a dowstream arranged fluid bed reactor and connected to
an upper part of the downstream arranged fluid bed reactors and a line
connected at its one end to the carrying path - and connected at its other
end to an upstream arranged fluid bed reactor, wherein: the feed gas
m xture at |east contains ethylene gas, an a-ol efin gas aande?Egkﬂﬂﬂasp
and in the carrying path pol ynmer powder ptoduced in the upstream arranged
fluid bed reactor is taken up and treated so as to | ower a content of

a-ol efin gas aﬂd Fy,dro, en %as (hereinafter also referred to as
"subconponent ¥R3CRRR Lk8R ROLYBE L HER t POMFERCHIR: LR AOPBEFHERhonder

is introduced info the downstream arranged fluid bed_reactor. The
conposi ti on of lRéddradsrapstareappothhehi AEBAGEt GEPVLeAdCNoR LI Aesddedhf t he
upstream and downstream arranged fluid bed reactors can be regulated in the
above nul tistBgéyyaes pheperpsbpnetfzacidh aberssmeved yion Adwe peloymex f eed
gas mxture at |east containing ethylene gas, an a-ol efin gas and hydrogen
gas is perforpedden.an upstream arranged fluid bed reactor to thereby
obtain 11 2 6 F E B 2003 pol yner powder, the pol yner powder is taken up
t herefrom the conféntsofnaotheactodd eactolaff ithggsraesentyiinvgehigastion t he
pol ymer powder is |owered and the pol yner powder is

provide a device for removing subcomponents such as

hydrogen gas and comonomers from the polymer powder taken
( ’ up from an upstream fluid bed reactor before the

introduction thereof into a downstream fluid bed reactor

to thereby lower the subcomponent content of the polymer

powder in a multistage gas phase polymerization apparatus.

It is a further object of the present invention to provide

an apparatus of multistage gas phase polymerization

including this device.

~ SUMMARY OF THE INVENTION

(‘_) The present invention has been made with a view toward
solving the above problems of the prior art and attaining
the above object. 1In one aspect of the present invention,

i there is provided a method of multistage gas phase
polymerization, comprising performing polymerization of a
feed gas mixture at least containing ethylene gas, an
a-olefin gas and hydrogen gas in an upstream arranged fluid

bed reactor to thereby obtain polymer powder, taking up the

polymer powder therefrom and performing further



i ntroduced into a downstream arranged fluid bed reactor. This enabl es
changi ng properties inparted to the polyner in each of the upstream and
downstream arranged fluid bed reactors in conformty with the use of the
resultant polyner. In the multistage gas phase pol ynerizati on apparat us of

t he present invention, the above line is preferably fi tte&dgi EFEB ting
means for renoving the oc-ol efin gas and hydrogen gas m x i Zﬁggyyner
powder fromthe pol ymer powder. Further, 8t is preferred that the
separating means conprise a residence tank for tenporarily retaining the

ol yner powder, .an _introducti assage for I ucin f given
gasyintopthe PS%V&SE&@%&%%?aﬁﬁ;ébﬁﬂgéaﬁé%éeéé&é%geféog ?géégggkﬁg ?he
subconponents, so that _the subgonponents nixed in .the polyner er,

r et ai Lne)d in tﬁérﬁégiegleﬁiélfiahﬁgarf T eWov d* S odﬂbsntﬁe?ﬂi‘p@i%&{bgr%gﬁé%@age by
t he use of the streamintroduced through the intrﬁgucti on as;\%ge. The
subconponent sPEST $RCEPF SOMLIAUPUSIIAFARBRCERENT? RECHIS T 2 Shdan st

renoved through the discharge passage by arrangi ng separati ng neans

conpri sing, féduid QQer%aFtErﬁqw@te%gﬁppe}yﬂ‘ﬁé Pestasncrkerik from

i ntroduction passage and di scharge passage, and tenporarily retaining the
upst r eam obt aithedupstyeaam poveeged rﬁpltlﬁéi geaesorahk dHdroduerd dddd ng a
stream of given gas into the residence tank through the introduction
passage to théhebylosmstrean gpurangrd Thitdchedl seaetpsetively | owering the

subconponent content of the downstream fed polynmer powder. In a further
aspect of the presemtidmverithiah,caerieses phevitedsaocdevi ce for reduci ng
entr ai nment of .

taking up polymer powder from an upstream arranged
fluid bed reactor,

treating the taken up polymer powder so as to lower
a content of a-olefin gas and hydrogen gas therein, and

introducing the treated polymer powder into a
downstream arranged fluid bed reactor.

The composition of feed gas mixture brought into
actual reaction in each of the upstream and downstream
arranged fluid bed reactors can be regulated in the above
multistage gas phase polymerization wherein
polymerization of a feed gas mixture at least containing
ethylene gas, an a-olefin gas and hydrogen gas is performed
in an upstream arranged £luid bed reactor to thereby obtain
polymer powder, the polymer powder is taken up therefrom,
the content of unreacted a-olefin gas and hydrogen gas in
the polymer powder is lowered and the polymer powder is

introduced into a downstream arranged fluid bed reactor.

This enables changing properties imparted to the polymer



rsubcohrponent s by downstream introduced pol ymer powder in an apparatus for
muf ti stage gas phase polynerization, the apparatus conprising: a

plural -stage fluid bed reactor, in at |east nost upstream of which a solid
catal yst for polynerization is fed into a fluid bed reactor, and in each of
which a feed gas m xture at |east cont@ining ethylene gas ol ef i n
gas and hydrogen gas is blown through a dispersion grid |2t§rEEgm bed
reactor froma bottomof the fluid bed reactor, to thereby forma fluid bed
inthe fluid bed reactor, and a gas phase polynerization reaction is

carried out in th | uid bed so that .a polyner is produced, a carrying path
br anched!™ retﬁﬁlarpteﬁi‘ﬁoﬂtﬁ’(ﬁtfﬁﬁrﬂa@ﬁa QPV?HLS wam rﬁf\‘ga%g Hyddnbedire into

d t ind; : t of
he doart 2EXorE ARAEG Lotk ge R LR ML L SE S REa S ERAHIRTR 07 | e
connected at its one end to the carrying path and connected at its other

dt fluid bed t t he .d t d
It d bed T oabt o BoMHGNEsHRERUSLAT yP BEREcb By TP HIRETIRG: FRaHIA bed
fluid beghsegregentOinantion, ATl WRIrdI@fed Rheduekd BbdVe tRSALiAYN

arranged fluid bed reactor Is taken up through the Iine and introducCed into
t he downsteparber cangednf IWhdchedar edceam wfi chiveeni gasoqantriniag
resi denc

k f ily. . ni h |
| nt oaucet b paecle dFRR P aThrisTe e biatop e ek take pofiBafromy,
et hyl enet4 @t @psirebps! deraRgledlifland Bed yeBdte? BastAat {We d-8t8fTDI NY

subconponents, so that a,-olefin gas and hydrogen gas (subconponents) m xed
in the pghapgneangovitigdrogien ngdhs nmixed edn déhee pahkmere ponvoded tameough

€ Be di scharge ggssage by the use of the streamintroduced through the

I"At r oduct % sage. The subconponents can be effectively separated from

t he pol yner powder and renoved through the di scharge passage by, in the

nmul ti st age gas phase pol ynmerizati on apparatus, tenporarily retaining the
upst r eam obt ail & peobgshpsaBt canteatr &di thacpal¥mmeanBowdesdGémg a

stream of, Qi i, Nt eql t | 0, i

passage {)8 te\ﬁgéggisﬁeclgrjr@“é%feéurﬁ |ﬁrg%9ﬁ?mglé gpﬁgggqég‘ééé?%ogﬁlghab es
effecti vihg bowlefiy §as sahdo eo§ e 88t mixédeidothet ngastifednpol yner
powder. BRI EF DESCRI PTION OF THE DRAWNG Fig. 1 is a schematic view of an
enbodi ne@btained polymer before the transfer to the downstream fluid

bed reactor.

In another aspect of the present invention, there is
provided an apparatus for multistage gas phase
polymerization, comprising:

a plural-stage fluid bed reactor, in each of which a solid
catalyst for polymerization is fed into a fluid bed reactor, and
a feed gas mixture is blown through a dispersion grid into the
fluid bed reactor from a bottom of the fluid bed reactor, to
thereby form a fluid bed in the fluid bed reactor, and a gas
phase polymerization



mul ti stage gas phase pol ynerizati on apparatus according to the present
invention; Fig. 2 is a schematic view of an enbodi nent of device of the
present invention for reducing entrai nnent of subconponents by pol yner
powder in a nultistage gas phase polynerization apparatus; and Fig. 3 is a
schematic view of the multistage gas phase pol ynerization apparatus of the
prior art. The nethod of nultistage gas phase pol ynerizati r for
nmul ti stage gas phase pol ynerizati on and @@vi ce for reducingfsn?ﬂgg
subconponents by pol yner powder in a nultistage gas phase polynerlzatlon
apparatus according to, the present invention w,l | be described below wth
reference to FRBChHpRENHRFRFEIGARUL pingthe f%uéds}éﬁ@n%ﬁlwaﬁ SWPeL YERT
enbodi ment of nultistage gas phase pol ymerization apparatus according to
the present ih¥eRtPeHcediis 2 6 FEB 2003 Referring to Fig. 1, this
nmul ti stage gas phase pol ynerization apparatus conprises first fluid bed
reactor 1 for perfarganmgyimgelpmebiaached fmueinonbfodutbddngastmifotrur e at
| east containing ethylene and an a-olefin in the presence of a solid
cat al yst suchiasradpetall acteed oz alnisttuare d nid andosneitralays b riranyker eby
obtai n ethyl ene/ a-ol efin copol ymer powder (hereinafter sinply referred to
as "polyner powied" pedndeaetard ardiicbrirestteedhict@rad luppgennpatedotfothie
first fluid bed reactor 1, for perform ng a polynerization reaction of
pol ymer powdedowakemedpm hire@ngeel filnstd fied dedpetsepcand 1 through product
take-up line 30, solid catalyst entrained by the polynmer powder and newy
fed feed gas m xtupelidbecahnuetéaest 4pss Bnd Wed ith ah@agsafrtit e palenl east
cont ai ni ng et hylene, an a-olefin and hydrogen (hereinafter, - conponents
dther than et hhershi@yr &l se PesAHHackhyely anehsst 8daht@®anged fluid
"subconponents") . The feed gas m xture GL charged into the first fluid bed
reactor 1 diffegscbhewote feed gas mxture & charged into the second
fluid bed reactor 11 in the m xing rati os of gases. The a-olefin generally
has 3 to 20 carbon,gLo@8y.preferably 4 to 13 carbon atons, and stil
preferably 4 to 12 carbon atons. Specifically, the a-olefin can be, for

exanpl e, butene, hexgngegh 4afBhiWtads PN cott A Bth A a¥03as,

an o-olefin gas and hydrogen gas; and
in the carrying path polymer powder produced in the
upstream arranged fluid bed reactor is taken up and treated
so as to lower a content of a-olefin gas and hydrogen gas
n (hereinafter also referred to as "subcomponents") in the
() taken up polymer powder, the treated polymer powder is
introduced into the downstream arranged fluid bed reactor.
The composition of feed gas mixture brought into
actual reaction in each of the upstream and downstream
arranged fluid bed reactors can be regulated in the above
multistage gas phase polymerization wherein
polymerization of a feed gas mixture at least containing

ethylene gas, an a-olefin gas and hydrogen gas is performed

in an upstream arranged fluid bed reactor to thereby obtain



In specific nodes, when, for exanple, a netallocene is used as the catalyst

and hexene used as the nononer, the mxing ratio of a-olefin is about 10
nol % preferably 3 to 8 nol% wth respect to the feed gas m xture Gl and
is about 5 nol % preferably 1 to 3 nmol% wth respect to the feed gas
m xture . Alternatively, the mxing ratios of a-olefin are 4 exchanged

% 5 o A

to 3 mol % and with respect to the feed gas mxture G the mxing ratio of
a-olefin is about 10 nol % preferably 3 to 8 nol% Each of the feed gas
m xtures nmay PelpngsdrardAranthacrelyasr Rerdes iR thadgeh uer thesatfomoated
hydrocarbon, e.g., 1. isopentane. The m xing of the inert gas in the feed
gas m xture fobelcontesttdt urneoyatedfohebe jergaaitant dydragen gas in

between the feed gas m xture GL and &. That is, with resp
gas mxture Gl the mxing ratio of a-olefiln is about 5 nol

pol ynmeri zation. The first fluid bed reactor 1 has the fol

oW ng

constructi on. thel pdlyakal yetwdef drs podwemsd zatd obhe spdddme hr poghecatial yst

supply line 5 into the first fluid bed reactor 1. Sinultan

gas m xture Gintgobueed ihteughdbeadtsepm ¥ riranged ifitudd bed iresictidrui d bed

eously,

t he

reactor 1 at its bottomw th the use of blower 3, so that the feed gas

mxture Gl iSTbmuehtabaa@vehdh@ﬁe;rgsE@@pgrﬁgdgésBigigg\gﬁé?Qdait&@ewW{m@i ?31 7,
mreead gas m xXxture

fluid bed 8 is formed by the charge
and the solid;jgagablséfAnd Npdt FSdm Sdrdg @At hase 439

is carried out in the fluid bed 8 while maintaining the f

d Z@atd i) geRpct i on
uid bed (reaction

f eed

system) 8 in {LbHtEol@r Tn IRAIEPM A PIWCERO KOPREY NBE BAE! kek@d t@htpowder .
t he other hand, unreacted feed gas m xture having passed through the

fiuid bed 8 haggiife.flow rate reduced in sl owdown zone 9 provided in an
upper part of"thé first fluid bed reactor 1 and discharged through a gas

outl et provided at tth : i i .
first fluid bed ree{%t E?E%Pu%leéﬁggé %ﬁ% gﬁlléﬁﬂlpgﬁ%g{??ﬁgga%rele%n % C

the first 1ubd bed peanlr: Ldsepepsed LREOUALE! feHbatin

the feed supply I'ine nd 1s once nore into t | urd

h ; | . N . . : .
the focd gas BERrLRro PRathFiHe mgsd T SPnB (R eAR - dRERLY
the CirCU|atiggéiﬂyﬁé%éé%tgggquxggagketggssgmgmggepggggr from the

polymer powder.

i

Further, it is preferred that the separating means

comprise a residence tank for temporarily retaining the

- polymer powder, an introduction passage for introducing a

()

stream of given gas into the residence tank and a discharge

passage for discharging the subcomponents,

so that the subcomponents mixed in the polymer powder

retained in the residence tank are removed through the

discharge passage by the use of the stream introduced

through the introduction passage.

The subcomponents can be effectively separated from

the polymer powder and removed through the discharge

passage by arranging separating means comprising,

for

e fhe

arged from

Bei s e

ause

i ns

ng
d on

k3



gas m xture through the heat exchanger 4 to be cool ed before the joining
thereof with the feed supply line 2. On the other hand, the second fluid
bed reactor 11 has the follow ng construction. In the sane fashion as in
the first fluid bed reactor 1, feed gas mxture G having a mxing ratio

different fromthat of the feed gas mxture GL is blown o] f supply
line 12 into the second fluid ig 2 6 RBB 2003 bed reacwé F%]Btfﬁ[?a

bottomwith the use of blower 13, so that the feed gas m xture & is
brought above dispersion grid 17. Above the dispersion grid 17, fluid bed
18 i s fornmededxandie,chargac: § pbsh gast ank} uiﬂt%dupaﬁwmlpamaﬂﬁ dard r oduced
through carrying line 15 and solid catalyst for polynerization entrai ned by

the pol yner powdgiardelphBehq@dsaplacempolyitliyzast @ini RaCEHhO NS K i ed
out in the fluid bed 18 while maintaining the fluid bed 18 in fluid form

ther eby prodiytg e QR d;}ﬂ@f pdwEe£aifiVtRE kbBedbAdeS tiAnGhed from the
supply line 12 at its side of blower 13 outlet and connected at its mddle

to the outl ety i deypfi R ‘W%‘Erte%?ne %pghveﬁ 39s ﬁ@%%é%%éﬁ{é@&éme 15

is connected to an upper part or exanple; a gas zone in upper part of the

feod gas m xttre TEu TG absefnL oAb okedte u?ﬁ e SO it
reduced in sl qgﬁgﬁﬁzog 119 %hl@p ffgég& é}lgédggg second fluid

bed reactor f i sC arge rough ‘a gas rov at the top of

th d flyj act, de fl 11.
Bocause the LR e§n§§§f°3§t' TRl scbeea?f? by s jpomet.
| t { efore b fed into the fl bed 18,
ot | exchanger 14 DESTIRE  a Hy ISR b Y Rek oty GNERT o
the feed , B,2003 thrqugh th t exch
4 to be cooln PAREARA) aeo‘??‘éle‘aegggrnfigﬂf’énﬁo AL SRR Lppl y 1 ne 12,

The copol yner produced by the vance of po ization reaction in,the
f1uid bed 18 SUPGONRANSH S @Ew FotRAT 1?%%%% RISt s
may be fed in the sec d fluid Eed reacto 1lll \ i %nﬁr 8 m@h
formed by thé”h@&ﬁﬁé@ ESFyW% FistegR 9@30? HRCiRP ¥m@¥% FalBBd 8*Fs fed

to the product take ' qf line 30. One end of the product take-up line 30 is
connect ed to ABRAFIGTLY $PRELHEIF eactor 1, and the ot her

a plural-stage fluid bed reactor, in at least most

upstream of which a so0lid catalyst for polymerization

is fed into a fluid bed reactor, and in each of which a

feed gas mixture at least containing ethylene gas, an

«<-olefin gas and hydrogen gas is Dblown through a

(:) dispersion grid into the fluid bed reactor from a
bottom of the fluid bed reactor, to thereby form a

fluid bed in the fluid bed reactor, and a gas phase
polymerization reaction is carried out in the fluid bed

so that a polymer is produced;

a carrying path branched from an introduction path for
introducing a feed gas mixture into a downstream arranged
fluid bed reactor and connected to an upper part of the

downstream arranged fluid bed reactor; and



vend 't hereof is connected to the carrying line 15. There, main valve 24,
separator 31 and valve 25 are arranged in this sequence fromthe side of
first fluid bed reactor 1. The polynmer powder fed fromthe first fluid bed
reactor 1 to the product take-up line 30 is rid of subconponents such as

a-ol efins (conononmers) and hydrogen gas mixed in the pol yzﬁ %gﬂ?%at,

nmeans of the separator 31. The main valve 24 is such a we
when a given anount of polymer powder is produced by the first fluid bed
reactor 1, the polynmer powder is fed to the separator 31. On the other

hand, th lve 25 | i gned that, b f, 1 le, th
ag? i on 01% l\ﬁ?\&%'}ﬁm : gt %t%rsﬂla gg%ﬂﬂg?’ Elﬁrﬁ&ﬁy ngﬁﬁao_ﬁ?g? t?g{ij %@a'ﬂ%&?sgpa at or
3lis delts\eﬁhg@lp d?oWﬁb@ﬂ‘edrﬁtéarréﬁ)b/@gtfT]'ﬁ‘ﬁoCBé]@yr'é%tbhne 15. This powder

portion of t ol ymer 1s entral ned ow of, as carrying 20 2 6 FEB
2003 nedium the feed gas fromthe blower 13 into the second fluid bed

reactor 11. The separator_ 31 has, the. foll gw n gnstruction. Referring to

Fo o e dRkOREEEe arpngaty Mo chrdlr reRctl: bethh Huntiigusly

resi dencgohidetler té S Bdtrantiairande P FlvigeberP ealctbe&d theoihd he

mai n val ve 24 and purge gas supply line 32 as an introduction passage for
rosihu

intr odgcpﬁ@lfm%’t @ qed | imathe y upstigausamanged hEudr ot t : e
33. S S i i ] .
33 are. SRR S, ke, i, dRcBOENT e oS A4 CiRiEdRd il K e vas

val ve 34dbvenstreanuigangasl fluldibed reactsr, and renoved through purge gas
di scharge line 35 as a discharge passage. In the separator 31, the, polyner

powder pWHGRedeNice eOMRIises |a i esidenceatank for temprarilyarelaining t he
Purgeé  the polymer powder, an introduction passage for introducing a

stream of given gas containing ethylene into the residence tank and
a discharge passage for discharging subcomponents,

so that a-olefin gas and hydrogen gas (subcomponents) mixed in
the polymer powder retained in the residence tank are removed
through the discharge passage by the use of the stream introduced
through the introduction passage.

The subcomponents can be effectively separated from the polymer
powder and removed through the discharge passage by, in the
multistage gas phase polymerization apparatus, temporarily
retaining the upstream obtained polymer powder in the residence
tank and introducing a stream of given gas into the residence tank

through the introduction passage to thereby carry out purging. This



bottle 33. Simultaneously, the purge gas valve 34 is opened to thereby

i ntroduce purge gas fromthe purge gas supply line 32 into the purge bottle
33, so that the purge gas collides with the polynmer powder. As a result,
subconponents are separated fromthe pol yner powder, and separated
subconponents are entrained by a stream of purge gas through the purge gas
di scharge line 35 to thereby effect renoval thereof. Thi u y
consist of, for exanple, ethylene or thel4forenentioned ﬁ%gr?qgggzgqu
pur ged conononer 21 2 6 FEB 2003 (a-ol efin) and hydrogen gas, for
exanpl e, may e hrquah.a || joi.ning,.th
cirodl ating | PRabTEEnarsacte Y AR RS bRBPaTBENYY Sona et
directly retU££ed to the first flui.d bed reactor 1, or nay be separately
recovered and SGbfREPEG TR otREr PRIdTCIAP RS ent from the above, in the
present invention, the polyner powder produced by the first fluid bed
reactor 1 is taken up, and a-olefin gas and hydrogen gas m xed in the

pol ymer powder are renoved fromth powder by the separator 31 as
appropriate means for treeRlg RPheCBPLHEN QEndde dEAHNG t he content of
a-ol efin gas and hydrogen gas in the taken up polyner powder is |owered.
Thereafter, the tréagedlpéﬁyﬁersc@m@érlq g ian rofdwredenpodaesecofid 1 uid
bed reactor 11. As a result, hydrogen gas and a-ol efin gas remai ning
unreact ed i n NRdtpskpsergeamhase padynonishtibha apparathaiatdaetinadicor 1
are effectively renoved before the introduction into the second fluid bed
reactor 11, sbhehpreapptadveresd igifiect of the unreacted subconponents of
ttheé first fluid bed reactor 1 on the polynerization reaction within the
second fluid bed r€agto? id acachesadia sedw Fherrfarkmdimentexdirdes,icshen
the content of subconponents (a-olefin gas and hydrogen gas) in the feed
gas m xture iefl bher prestnt dowesttrieam fdwi xededingaetbrainment of

’
AKX

subcomponents by polymer powder in a multistage gas phase
polymerization apparatus; and
Fig. 3 is a schematic view of the multistage gas phase

polymerization apparatus of the prior art.

EMBODIMENT OF THE INVENTION

(j The method of multistage gas phase polymerization,
apparatus for multistage gas phase polymerization and
device for reducing entrainment of subcomponents by polymer
powder in a multistage gas phase polymerization apparatus
according to the present invention will be described below
with reference to the appended drawings.

Fig. 1 is a schematic view of an embodiment of

multistage gas phase polymerization apparatus according to

the present invention.



than in the upstreamfluid bed reactor, polynerization for Z 6 F EB 2003
formng a polyner of relatively small nol ecul ar wei ght and high a-olefin
content can be effected in the upstream fluid bed reactor, while

pol ynmeri zation for formng a polymer of |arger nolecul ar weight and | ower
a-olefin content than in upstream pol ynerization can be effected in the

downstream fluid bed reactor. Further, when the content of 4S s in
the feed gas m xture is higher in the doWhstreamfl uid bedzragggggeﬁﬂgi in

the upstream fluid bed reactor, polynerization for formng a pol ynmer of
relatively |l arge nol ecul ar wei ght and small a-qlefin content can be
effected in the upR¥RBRIPPUFE Béd rdacthds W‘lﬁlté‘-sﬁ'rﬂ%ﬁ‘rr&‘fl%d?@%%efor

form ng a polynmer of smaller nolecular weight and higher a-olefin content
than in upst rRAYTPRTARE i 9BtIRIA £alFL B & oBIFd@ e £ i K Sthkl whivbsd BaartPYi d bed
reactor. Accordingly, desired property -can be easily inparted to the

pol ymer powder fnr ezehfermiesod polymerization reaction odl ¢ Bgedhgagi ng

t he conponent ratio of the feed gas m xture supplied at the particul ar
stage of pol ymextaaeiadnleeadt contaihéngfatrieyleéne becbapnfebsibhet ohpr oduce
pol ymers conformng to diversifying market demands. Although the two-stage
pol yneri zat i goreséhod dfia dHekihdadescyled sueht he aahete ldvhedicreatalybe
present invention 2 6 F EB 2003 23 is naturally applicable to a three or
nor e- st age gasr phaseapduyneataaysonto ety obthhaughh ahe pePadbmetn
fitting a one-stage separator has been described above, the purge bottle

nmay be fixed ¢opalimghepowtier @natlita fiter WiddlLersfageegepar asor in

qrder to render the separation of

o "polymer powder") and second fluid bed reactor 11,
connected to the first fluid bed reactor 1, for performing
a polymerization reaction of polymer powder taken up from
the first fluid bed reactor 1 through product take-up line
30, solid catalyst entrained by the polymer powder and newly
fed feed gas mixture.

The above feed gas mixture is a gas mixture at least

containing ethylene, ana-olefin and hydrogen (hereinafter,

(j) components other than ethylene may also be collectively
referred to as "subcomponents"). The feed gas mixture G1
charged into the first fluid bed reactor 1 differs from the
feed gas mixture G2 charged into the second fluid bed
reactor 11 in the mixing ratios of gases. The a-olefin
generally has 3 to 20 carbon atoms, preferably 4 to 13 carbon
atoms, and still preferably 4 to 12 carbon atoms.

Specifically, the a-olefin can be, for example, butene,

hexene or 4-methyl-l-pentene.



subconponents nore secure. ' Wile there has been described a preferred
enbodi nent of the present invention, it is to be understood that the
present invention is in no way limted thereto and various nodifications
can be made without departing fromthe object of the present invention. The
met hod of nultistage gas phase pol yneri zation according to the present

i nvention enables regulating the conposition of feed gas m xtar y
reacted in each stage of fluid bed reactgg. Thus, it becomez stélgﬁmﬂd)
change property inparted to polyner at each stage of fluid bed reactor in
conformty with the use of obtained polynmer. The subconponent content of

pol yner powder canlbeSkefééirvepgesowshed bfosepirBbilag 8f Netabdorsdsent s
such as a-olefin gas and hydrogen gas m xed in upstream produced pol yner
with the use b$ used asarhef cgtabysyazsnddfcana Heefdeadi Hie imaneme Kowhst r eam
fluid bed reactor, so that 24 2 6 F E B 2003 suppressing the introduction
of subconponentsingtoathe abwrsikeim filsurbobedl feacl r maanfdealh byil ittoat ed.
Therefore, controlling the polynerization reaction at each stage of fluid

bed reactor cémdis f adith rakedctand tiHee fpedpes s ynixmard &d andpiod wieyitat
each stage of fluid bed reactor can be effectively changed. The apparatus

for multistags gessphpserpebyI®r 1zabi GNmbl%, atedr deBpelcd the theeFRRld

i nvention enabl es regulating the conposition of feed gas m xture actually
reacted in eaghsshageuet Goui d bed reactor. Thus, it beconmes feasible to
change property inparted to polyner at each stage of fluid bed reactor in

C/Of?f ormty with thgidsenak iQRIJ NahPA WG ratios of a-olefin are

L exchanged between the feed gas mixture G1 and G2. That is,
with respect to the feed gas mixture Gl the mixing ratio
of a-olefin is about 5 mol%, preferably 1 to 3 mol% and with
respect to the feed gas mixture G2 the mixing ratic of
a-olefin is about 10 mol%, preferably 3 to 8 mol%.

Each of the feed gas mixtures may be mixed with an inert
gas such as nitrogen or a saturated hydrocarbon, e.qg.,

i isopentane. The mixing of the inert gas in the feed gas
(ﬂ) mixture facilitates the rémoval of heat generated during
polymerization.

The first fluid bed reactor 1 has the following
construction. Solid catalyst A for polymerization is fed
through catalyst supply line 5 into the first fluid bed
reactorl. Simultaneously, the feed gasmixture Gl is blown
through feed supply line 2 into the first fluid bed reactor
1 at its bottom with the use of blower 3, so that the feed

gas mixture Gl is brought above dispersion grid 7. Above

the dispersion grid 7, fluid bed 8 is formed by the charged



Subconponents can be effectively separated from pol yner powder and renoved
t hrough di scharge passage by arrangi ng separating neans fitted with, for
exanple, a _ residence tank, an introduction passage and a di scharge
passage and by tenporarily retaining upstream obtai ned pol ymer powder in
the residence tank and introduci ng through the introduction passage a
stream of given gas thereinto for purging. Therefore, the BbﬁqﬁBo

content of downstream fed pol yner powder igan be effectively | owered, so
that the downstream pol ynerization reaction can be effectively controll ed.
Accordingly, the property inparted to polyner at each stage of fluid bed
react or can béeeflf gati mékyugieatdednd e @l Kl £ 2003t | A. t HBhappl i cation
of the device for reducing entrai nnent of subconponents in polynmer powder
in a multistafergassphasegpsl pheskezabdlgneappatabos raacaidinng st catrlré epr esent
i nvention, subconponents can be effectively separated from pol yner powder

and renoved tbueugh dhecangel passayevHiyld enpitainyng ethenfhgigobgaer
powder upstream produced in a multistage gasphase pol ynerization apparatus

i. in a residepeactank aRetent)r @dus e did ofeim AnchaielegdugtbancRagsage a
stream of given gas thereinto for purging. Therefore, the subconponent

content of dowspbnoaey! el Jowiiaean be effectively | owered.

On the other hand, unreacted feed gas mixture having
passed through the fluid bed 8 has its flow rate reduced
in slowdown zone 9 provided in an upper part of the first
fluid bed reactor 1 and discharged through a gas outlet
provided at the top of the first fluid bed reactor 1 outside
the first fluid bed reactor 1.

The feed gas mixture having been discharged from the
first fluid bed reactor 1 is passed through circulating line
6, joins the feed supply line 2 and is once more fed into
the fluid bed 8. Because heat of polymerization reaction
must be removed before once more feeding the feed gas
(w mixture into the fluid bed 8, heat exchanger 4 is provided

on the circulating line 6 to thereby enable passing the feed
gas mixture through the heat exchanger 4 to be cooled before
the joining thereof with the feed supply line 2.

On the other hand, the second fluid bed reactor 11 has
the following construction. In the same fashion as in the
first fluid bed reactor 1, feed gas mixture G2 having a

mixing ratio different from that of the feed gas mixture

Gl is blown through feed supply line 12 into the second fluid



26 2 b F E B 2003 CLAIMS 1. A device for reducing entrai nment of
subconponents by downstream i ntroduced pol ynmer powder in an apparatus for
nmul ti stage gas phase pol yneri zation, the apparatus conprising: a

plural -stage fluid bed reactor, in each of which a solid catalyst for

pol ynerization is fed into a fluid bed reactor, and a feed gas m xture at

| east containing ethylene gas, an oc-ol efin gas and hydroge a

through a dispersion drid into the fluidiRed reactor fron1aq%gtfgasdzmﬂag
fluid bed reactor, to thereby forma fluid bed in the fluid be reactor, and
a gas phase polynerization reaction is carried out in the fluid bed so that
a polymer is beddueeaton thrayildp patiosy achetherese ant imkawriudi3osopat h
for introducing a feed gas m xture into a downstream arranged fl uid bed
reactor and ctha&ctbe feedngappmixpare 6 thebdowgbtr ebovar disgedsfilom d bed
reactor ; and a |line connected at its .one end to the carrying path and
connected at ptrsdoflier Bhdveothe dpspeesmosr mariged 7T, ildibddedat8ois t he
downstream arranged fluid bed reactor being continuously connected to the
upst ream ar r afigedtetl biydthedchigagédrfsed tdwd ntiher yid BPEr pedwitesr poadieged in
the upstream arranged fluid bed reactor is taken up through the line and

i ntroduced i ntatirbeludeanshieaghacs apgedgfling Usedntesst Dd cadd Bhslewce
conprises a residence tank for tenporarily retaining the polynmer powder, an
introduction pagyaee ifQf idH UG iHE R B RERMY yeiate b ciiRfe €ONFRING:
ethylene into the residence tank and a di scharge passage for discharging

subconponent sgas phbse S vdt 20031 &0 At P6n 0y 8F Largasqapdthydr egen gas
(subconponent§) mxed in the polynmer powder retained in the residence tank

are removed troughpdhe 18 $aNAImaRITIAE A tike 1A Lhhdda sStieaMyid
i ntroduced through the introduction passage. 2. A nethod of nultistage gas

phase pol yneriszadi ofp iﬁyégﬁégﬁécgr@g@bp9$¥gprization of a feed gas

m xture at | east contai ning ethyl ene” gas, an a-ol efin gas and hydrogen gas
in an upstream arr e Ld b ts re i

powder, taking up ?ﬁ% ggh%#%ﬁgpggﬂéreﬁ%ﬁg g%rggﬁﬁ%gd%g@%l?ém%n‘%% %ihqg{e

pol ymeri zati o »of, t ~ Y er i oSt rra d]uid bed
reactor, the 33&%%??gd%%%§gﬁﬁggéwgfﬁgﬁs%%ge?5@@%or %%%?%ﬁﬁ%ﬁ£?§q86%ﬁé%ted
to the upstre ra | wi;d b r t hat ly powder_ t aken
up fromthe u%slgt ?@aemgg?gaefﬁgg&giﬁ §?d£§gggr9e5§?8rH?slllﬁgrggucer%{? ncf% e
downstream arr flui .re I,C 0 ri t eps of:
t aki ng up po|§%§gg§6%%g?QF?@%ﬁgdgﬁéﬁé?%§§#§$?§ﬁ§gﬁg%ﬁ%?g'b§§§ﬁéa§F%¥?'
treating the ta | yner wder _so | ten f. &0l efin
gas and hydr ogaeﬁgga%&%%grne‘il p%g%?anr[etrff u%@%gl%l§$§éﬁ%o?8%i %%%Oggsﬁulf
containing,et%yl m%gégc%tpf pol ynmer powder taken up fromthe upstream
arranged fl ui Yed Feactor: " and i ntroducing the treated pol ynmer powder into

a downstream arranged, fl uid. bed reactor. 3. A ratus for multistage gas
phase polynerizatigﬁft&%ﬁﬁgpgfnagng' unreactea ngg'gas mixture hav1ng(J

passed through the fluid bed 18 has its flow rate reduced
in slowdown zone 19 provided in an upper part of the second
fluid bed reactor 11 and discharged through a gas outlet
provided at the top of the second fluid bed reactor 11
outside the second fluid bed reactor 11. Because the
discharged feed gas mixture must be rid of heat of
polymerization reaction before being once more fed into the
fluid bed 18, heat exchanger 14 is provided on circulating

line 16 to thereby enable passing the feed gas mixture



a plural-stage fluid bed reactor, in at |east nost upstream of which a

solid catalyst for polynerization is fed into a fluid bed reactor, and in
each of which a feed gas mixture is blown through a dispersion grid into
the fluid bed reactor froma bottomof the fluid bed reactor, to thereby

forma 28 . 2 b F EB 2003 fluid bed in the fluid bed reagtar as
phase pol ynerization reaction i is carriﬁg out in the quidibnglggﬁHjaga

polymer is produced; a carrying path branched froman introduction path for
introducing a feed gas m xture into a downstream arranged fluid bed reactor

and connect ed:Hxowdgh theehepldxdfaider daws biecasd dedangele idosilddeded
reactor; and a |line connected at its one end to the carrying path and

connected at 44$ wibelir&nflot fsabhepFeeeaduppignaachd lup d bed reactor,
wherein the feed gas m xture at | east contains ethylene gas, an a,-olefin

gas and hydrogen @& amopodywes caprprdgegsat hbyol ykbe poddeange odurfed in
t he UDstreamﬂlﬁg&ﬁ%‘%wIP RELEEAC L Efet 2KARQURRNGd rBAtkeaD @S tO
n -

| ower a cont of _a, efin gas and hydrogen gas_. (hereinafter als

referred to &HToNghc RRRMGE stkeruPhdingk &P upS%?)}grré’ratﬁg\Wér ,matyhg’? r eat ed
pol yner powdefled S MHedHeafshd Miuid oebvwisdcesm B1rapgedlflui d bed
reactor; and wherein the line is fitted with separating neans for renoving

the a, olefin gas W%ﬂ@%%%@g@rﬁ%é% FReldif 10l %r'%;pcgf"%h%é??‘a%he

pol ymer powder wher el separ ans “conprises a residence nk for
it oduci ng &4 T ek of toF 0n §RECE RPNy Sthyrend's HrEoPREL T ERFGence
A AG AL A 195 A HERa0n, e Shvaf AL TRPaaeR) BERRBALTR S0 A 1 A
] ca] ca] Ca] 2 EIERTEA ol Kt S0 ch 0L b B FER e c B Caf CPapCReFc ra] ca
P23 !V%¥éﬁéié%eof is connected to the carrying line 15. There,

main valve 24, separator 31 and valve 25 are arranged in

this sequence from the side of first fluid bed reactor 1.

The polymer powder fed from the first fluid bed reactor

1 to the product take-up line 30 is rid of subcomponents

such as a-olefins (comonomers) and hydrogen gas mixed in

the polymer powder by means of the separator 31. The main
(_) valve 24 is such a weight valve that, when a given amount

of polymer powder is produced by the first fluid bed reactor

1, the polymer powder is fed to the separator 31. On the

other hand, the valve 25 is so designed that, by means of,

for example, the action of a rotary valve, only powder

component obtained by the separator 31 is delivered at a

constant rate into the carrying line 15. This powder

portion of the polymer is entrained by a flow of, as carrying
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subcomponents are separated from the polymer powder, and
separated subcomponents are entrained by a stream of purge
gas through the purge gas discharge line 35 to thereby
effect removal thereof.

This purge gas may consist of, for example, ethylene

or the aforementioned inert gas. The purged comonomer
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pass through a 1ine (not shown) joining the circulating line

6 and once more fed into tﬁé fluid bed 8, or may be directly
returned to the first fluid bed reactor 1, or may be
separately recovered and subjected to other uses.

As apparent from the above, in the present invention,
the polymer powder produced by the first fluid bed reactor
1 is taken up, and a-olefin gas and hydrogen gas mixed in
the polymer powder are removed from the polymer powder by
the separator 31 as appropriate means for treating the
polymer powder so that the content of a~-olefin gas and
hydrogen gas in the taken up polymer powder is lowered.
Thereafter, the treated polymer powder is introduced in the
second fluid bed reactor 11.

As a result, hydrogen gas and a-olefin gas remaining
() unreacted in the polymerization reaction of the first fluid
- bed reactor 1 are effectively removed before the

introduction into the second fluid bed reactor 11, so that
any adverse effect of the unreacted subcomponents of the
first fluid bed reactor 1 on the polymerization reaction
within the second fluid bed reactor 11 can be avoided.
Therefore, for example, when the content of
subcomponents (a-olefin gas and hydrogen gas) in the feed

gas mixture is lower in the downstream fluid bed reactor

than in the upstream fluid bed reactor, polymerization for
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high a-olefin content can be effected in the upstream fluid
bed reactor, while polymerization for forming a polymer of
larger molecular weight and lower a-olefin content than in
upstream polymerization can be effected in the downstream
fluid bed reactor.

Further, when the content of subcomponents in the feed
gas mixture is higher in the downstream fluid bed reactor
than in the upstream fluid bed reactor, polymerization for
forming a polymer of relatively large molecular weight and
small a-olefin content can be effected in the upstream fluid
bed reactor, while polymerization for forming a polymer of
smaller molecular weight and higher a-olefin content than
in upstream polymerization can be effected in the
downstream fluid bed reactor.

Accordingly, desired property can be easily imparted
to the polymer powder at each stage of polymerization
reaction only by changing the component ratio of the feed
gas mixture supplied at the particular stage of
polymerization reaction. Therefore, it becomes feasible
to produce polymers conforming to diversifying market
demands.

Although the two-stage polymerization method has been

described in the above embodiment, the present invention
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While there has been described a preferred embodiment
of the present invention, it is to be understood that the
present invention is in no way limited thereto and various
modifications can be made without departing from the object

of the present invention.

EFFECT OF THE INVENTION

The method of multistage gas phase polymerization
according to the present invention enables regulating the
composition of feed gas mixture actually reacted in each
stage of fluid bed reactor. Thus, it becomes feasible to
change property imparted to polymer at each stage of fluid
bed reactor in conformity with the use of obtained polymer.

The subcomponent content of polymer powder can be
effectively lowered by separating off subcomponents such
as a-olefin gas and hydrogen gas mixed in upstream produced
polymer with the use of a stream of given gas before the

feeding into a downstream fluid bed reactor, so that
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stage of fluid bed reactor can be facilitated, and the
property imparted to polymer at each stage of fluid bed
reactor can be effectively changed.

The apparatus for multistage gas phase polymerization
according to the present invention enables regulating the
composition of feed gas mixture actually reacted in each
stage of fluid bed reactor. Thus, it becomes feasible to
change property imparted to polymer at each stage of fluid
bed reactor in conformity with the use of obtained polymer.

Subcomponents can be effectively separated from
polymer powder and removed through discharge passage by
arranging separating means fitted with, for example, a
residence tank, an introduction passage and a discharge
passage and by temporarily retaining upstream obtained
polymer powder in the residence tank and introducing
through the introduction passage a stream of given gas
thereinto for purging. Therefore, the subcomponent
content of downstream fed polymer powder can be effectively
lowered, so that the downstreampolymerization reaction can
be effectively controlled. Accordingly, the property
imparted to polymer at each stage of fluid bed reactor can

be effectively changed.
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multistagegasFMasepolyﬁérizationapparatusaccordingto
the present invention, subcomponents can be effectively
separated frompolymer powder and removed through discharge
passage by temporarily retaining polymer powder upstream
produced in a multistage gas phase polymerization apparatus
in a residence tank and introducing through an introduction
passage a stream of given gas thereinto for purging.
Therefore, the subcomponent content of downstream fed

polymer powder can be effectively lowered.
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hydrogen gas is blown through a dispersion drid into the fluid bed
reactor from a bottom of the fluid bed reactor, to thereby form a fluid
bed in the fluid be reactor, and a gas phase polymerization

reaction is carried out in the fluid bed so that a polymer is produced,;

a carrying path branched from an introduction path for
introducing a feed gas mixture into a downstream arranged fluid
bed reactor and connected to an upper part of the downstream
arranged fluid bed reactor ; and

a line connected at its one end to the carrying path and
connected at its other end to an upstream arranged fluid bed
reactor,

the downstream arranged fluid bed reactor being continuously
connected to the upstream arranged fluid bed reactor so that the
polymer powder produced in the upstream arranged fluid bed
reactor is taken up through the line and introduced into the
downstream arranged fluid bed reactor,

which device comprises a residence tank for temporarily
retaining the polymer powder, an introduction passage for
introducing a stream of given gas containing ethylene into the
residence tank and a discharge passage for discharging
subcomponents, |
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through the introduction passage.

2. A method of multistage gas phase polymerization, comprising
performing polymerization of a feed gas mixture at least containing
ethylene gas, an a-olefin gas and hydrogen gas in an upstream arranged
fluid bed reactor to thereby obtain a polymer powder, taking up the
polymer powder therefrom and performing further polymerization of the
polymer powder in a downstream arranged fluid bed reactor, the
downstream arranged fluid bed reactor continuously connected to the
upstream arranged fluid bed reactor so that the polymer powder taken up
from the upstream arranged fluid bed reactor is introduced into the
downstream arranged fluid bed reactor,

which method comprises the steps of:

taking up polymer powder from an upstream arranged fluid bed
reactor,

treating the taken up polymer powder so as to lower a content of o-

olefin gas and hydrogen gas therein by introducing a stream of given gas
containing ethylene into the polymer powder taken up from the upstream
' arranged fluid bed reactor, and

introducing the treated polymer powder into a downstream
arranged fluid bed reactor.

3. An apparatus for multistage gas phase polymerization, comprising:

a plural-stage fluid bed reactor, in at least most upstream of which a
solid catalyst for polymerization is fed into a fluid bed reactor, and in each
of which a feed gas mixture is blown through a dispersion grid into the
fluid bed reactor from a bottom of the fluid bed reactor, to thereby form a
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connected to an upper part of the downstream arranged fluid bed reactor;
and

a line connected at its one end to the carrying path and connected
at its other end to an upstream arranged fluid bed reactor,

wherein :

the feed gas mixture at least contains ethylene gas, an a-olefin gas

and hydrogen gas; and

in the carrying path polymer powder produced in the upstream
arranged fluid bed reactor is taken up and treated so as to lower a content

of o-olefin gas and hydrogén gas (hereinafter also referred to as

“subcomponents”) in the taken up polymer powder, the treated polymer
powder is introduced into the downstream arranged fluid bed reactor; and

wherein the line is fitted with separating means for removing the o~

olefin gas and hydrogen gas mixed in the polymer powder from the
polymer powder wherein the separating means comprises a residence
tank for temporarily retaining the polymer powder, an introduction
passage for introducing a stream of given gas containing ethylene into the
residence tank and a discharge passage for discharging the
subcomponents.



